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BACKGROUND OF THE INVENTION 
5 1. Field of the Invention 

The present invention relates to a technique for mounting a semiconductor. 
Specifically, the present invention relates to a semiconductor device mounting an 
integrated circuit film manufacturing by a technique for transferring and a method for 
manufacturing the same. 
10 2. Description of the Related Art 

For the sake of making a semiconductor device mounting a semiconductor 
chip miniaturized and thinner, it is more necessary to make the semiconductor chip 
thinner. 

In general, as for the technique for mounting a semiconductor, a backside (that 
15 is a part of a semiconductor that does not function as an element) of a silicon wafer in 
which a semiconductor element is formed is grinded (back-grind) to make the silicon 
wafer thinner, that is, to several hundreds \im in thickness. 

However, there is a problem of causing retroflexion of a thinned silicon wafer 
due to the effects of stress of an insulating film or wirings formed over the silicon wafer. 
20 The retroflexion of a silicon wafer causes a difficulty in dicing or the like, and thus, it is 
an obstacle to making a semiconductor chip much thinner. 

Therefore, there is a measure, for example, a measure for suppressing a 
retroflexion of a silicon wafer by devising the way to bond a protective sheet in a 
back-grinding process of a silicon wafer (Reference: Japanese Patent Laid Open No. 
25 2000-61785). 
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In addition, in the back-grinding process, a defect made in the backside of a 
wafer is also an obstacle to making a semiconductor chip thinner. 

Accordingly, in order to solve the above-described problems, it is required to 
develop a new technique for mounting a semiconductor to make a semiconductor chip 
5 thinner without depending on a backside processing of a silicon wafer. 

SUMMARY OF THE INVENTION 
The present invention has been made in view of the above-described problems. 
It is an object of the present invention to provide a semiconductor device mounting an 
10 integrated circuit film manufactured by a technique for transferring and a method for 
manufacturing the semiconductor device. 

A semiconductor device of the present invention is characterized in that an 
integrated circuit film fabricated by a technique for transferring is mounted over the 
semiconductor device. 

15 In this specification, the term "an integrated circuit film" means a film-like 

integrated circuit which is manufactured by a method as follows: after a semiconductor 
film is formed over a substrate, an integrated circuit is element-separated by separating 
the semiconductor film to island-like semiconductors and is separated from the 
substrate. A glass substrate or a quartz substrate may be employed as the substrate. 

20 As a method for separating an integrated circuit from the substrate, a technique for 
transferring, an etching technique for selectively etching only the substrate, or the like 
can be adopted. 

According to the present invention, an integrated circuit film mounted over a 
semiconductor device has a plurality of elements separated in island-like. The 
25 semiconductor layer constituting each of elements is separated in island-like and is 
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formed to be from 30 nm to 60 nm in thickness. An integrated circuit formed from 
multiple elements has a logic circuit, a memory and the like. 

A thickness of a semiconductor chip that is conventionally used depends 
mainly on a thickness of a semiconductor layer. An integrated circuit film formed by 
5 a technique for transferring is a film including a semiconductor layer with a thickness 
of from 30 nm to 60 nm, and is much thinner than a semiconductor chip. 

In an integrated circuit film mounted over a semiconductor device of the 
present invention, a film face of a semiconductor layer constituting each element has a 
plurality of plane directions. 
10 A thickness of an integrated circuit film including the semiconductor layer of 

from 30 nm to 60 nm in thickness as described above depends mainly on the number of 
wirings and laminates of interlayer insulating films. 

A semiconductor device of the present invention is characterized in that the 
semiconductor device includes a film that is in contact with an integrated circuit film 
15 and whose thermal conductivity is 10 W/m ■ K or more. 

By providing such a film having good thermal conductivity as described above, 
heat generated within the integrated circuit film is easily diffused. 

The semiconductor device of the present invention is characterized in that the 
integrated circuit film is electrically connected to a wiring substrate by a protruding 
20 electrode therebetween. 

Note that, the wiring substrate is formed from an insulator such as polyimide 
and an electrical conductor such as copper. The substrate may be either of a hard 
substrate or a flexible substrate. As the insulator, a ceramic material such as alumina 
or aluminum nitride can be used as well as a resin material such as polyimide or glass 
25 epoxy resin. Further, a material such as gold may be used as well as copper. The 
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protruding electrode is an electrical conductor formed by plating or solder having a 
thickness of 10 to 30 \im . 

In the substrate, a plurality of integrated circuit films may be disposed 
horizontally. Each integrated circuit film has a different function, for example, CPU, a 
5 memory, or the like. 

According to the present invention, the integrated circuit film is polygonal. 
This is because the integrated circuit film is not required to be cleaved depending on a 
cleaved surface as a silicon wafer. 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings: 

Figs. 1A to 1C show a semiconductor device according to the present 
invention; 

Figs. 2A to 2E show a method for manufacturing a semiconductor device 
15 according to the present invention; 

Figs. 3A to 3D show a method for manufacturing a semiconductor device 
according to the present invention; 

Figs. 4A to 4D show a method for manufacturing a semiconductor device 
according to the present invention; 
20 Figs. 5A and 5B show a method for manufacturing a semiconductor device 

according to the present invention; 

Figs. 6A and 6B show a method for manufacturing a semiconductor device 
according to the present invention; 

Figs. 7A and 7B show a method for manufacturing a semiconductor device 
25 according to the present invention; 
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Fig. 8 is a pattern diagram showing a module to which a semiconductor device 
of the present invention is applied; 

Figs. 9A and 9B are pattern diagrams showing a module to which a 
semiconductor device of the present invention is applied; and 
5 Figs. 10A to 10E show electronic devices to which a semiconductor device of 

the present invention is applied. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

10 Embodiment Modes 
Embodiment Mode 1 

This embodiment mode of the present invention is described with reference 
Figs. 1A to 1C. A semiconductor device mounting an integrated circuit film formed 
by a technique for transferring is described in the present invention. 

15 An integrated circuit film 12 is electrically connected to a substrate 13 by a 

protruding electrode (bump) 15 therebetween in Fig. 1A. The integrated circuit film 
12 is formed by peeling off a layer including TFTs formed over a glass substrate and 
wirings for driving the TFTs by a technique for transferring. Namely, it is an 
integrated circuit film that is made thinner without a back-grinding process as a silicon 

20 wafer. The substrate 13 is a multi-layer wiring board in which a conductive material 
such as copper is wired in a polyimide film. 

The semiconductor device of this embodiment mode has a face-down structure. 
The face-down structure is a structure in which a top-side of a staggered TFT 21 (that is 
a gate electrode side in the case of considering the semiconductor layer as a center) 

25 formed within the integrated circuit film 12 can be faced with the substrate 13. 



A plurality of TFTs is provided for the integrated circuit film 12. The TFTs 
comprising semiconductor layers formed by separating a polycrystalline silicon film 
into an island-like shape. 

Fig. IB shows a cross-sectional view of a part of the integrated circuit film 12. 
5 An n-channel TFT 21 and a p-channel TFT 22 are formed over an insulating film 23. 
A semiconductor layer of the TFTs 21 and 22 has a thickness of from 30 nm to 60 nm. 
A wiring 35 for transmitting electric signal to the TFTs 21 and 22 is formed over an 
insulating film 31 covering the TFTs 21 and 22. An electrode 33 is formed in the 
same layer as the wiring 35. The electrode 33 is exposed in an opening portion of a 

10 protective film 34 for protecting the TFT 21 and 22, the wiring 35, and the like. The 
wiring 35 is made of aluminum containing 1 % silicon and the interlayer insulating film 
is made of a film such as a silicon oxide film that can resist heat at the temperatures of 
250 °C or more. It is noted that the integrated circuit film 12 is made by peeling off a 
TFT layer formed over a glass substrate by a technique for transferring and has a 

15 thickness of approximately from 1 jim to 10 jxm. Note that, a TFT layer includes 
wirings, insulating films and the like as well as a TFT. 

A film 16 made of a material having good thermal conductivity is formed in a 
side opposite to the electrode 33 where an insulating film 23 is provided within the 
integrated circuit 12. By providing the film 16, heat generated within the integrated 

20 circuit film 12 can be diffused. The film 16 may be a metal material (such as 
aluminum) having thermal conductivity of about 10 W/m * K or more, a ceramic 
material (such as a diamond like carbon (DLC)) having carbon or aluminum as a main 
component, alumina, or the like. 

Fig. 1C is a cross-sectional view showing a connecting portion (a portion 

25 surrounded by a dotted line 11) in which the integrated circuit film 12 is connected to 
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the substrate 13. Conductive films 42 and 43 are laminated over the electrode 33 and 
the protruding electrode 15 is formed in order to be contact with the conductive film 43. 
The integrated circuit film 12 is bonded to the substrate 13 by an adhesive. An 
electrode 41 is electrically connected to the protruding electrode 15 via metal particles 
5 within the adhesive. Alternatively, the electrode 41 may electrically be connected to 
the protruding electrode 15 via a conductive paste or the like instead of the adhesive. 

As described above, a remarkably thinned semiconductor device can be 
manufactured by mounting an integrated circuit film having a thickness of several [im 
that is formed from TFTs. 
10 In this embodiment mode, the integrated circuit film in which TFTs are formed 

is used. However, a semiconductor device including an integrated circuit film in 
which a memory and the like are formed by using a crystalline semiconductor film 
formed over a glass substrate or a quartz substrate. 

15 Embodiments 
Embodiment 1 

In this embodiment, with reference to Figs. 2A to 2E, Figs. 3 A to 3D, Figs. 4A 
to 4D, and Figs. 5A and 5B, a method for manufacturing a semiconductor device 
mounting an integrated circuit film made by a technique for transferring is described. 

20 An integrated circuit film formed in this embodiment has a thickness of several 

jim and thus, is much thinner than a conventional semiconductor chip. Accordingly, a 
semiconductor device mounting the integrated circuit film becomes much thinner 
remarkably. Different from an integrated circuit film made by using a silicon wafer, 
the integrated circuit film of the present invention is not required to be cleaved 

25 depending on a cleaved surface, and therefore, can be cut into various shapes. It is 
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also possible that the thin film integrated circuit is cut in almost the same size as one 
side of a substrate. Each semiconductor layer is separately formed in an island-like 
shape. Therefore, stress on a TFT is dispersed, and therefore, the intensity against a 
stress such as bending is higher than that of an integrated circuit film made from a 
5 silicon wafer, and a semiconductor device in mounting and after mounting an integrated 
circuit film can be resist the external stress such as bending. Further, in the process of 
the manufacturing a semiconductor device, it is unnecessary to make the integrated 
circuit film thinner by a back-grinding process, thereby preventing defects from being 
produced in the back-grinding process. A process of fabricating a TFT and a process 
10 of fabricating a protruding electrode can be performed sequentially, since the 
back-grinding process is not required. 

A TFT is formed over a first substrate 700 made of glass according to a 
method described below. 

An insulating film 701 is formed over the first glass substrate 700. In this 
15 embodiment, a silicon oxynitride (SiON) film of 100 nm in thickness is formed as the 
insulating film 701 by PCVD (plasma CVD) method. 

A metal film 702 is formed over the insulating film 701. In this embodiment, 
a tungsten (W) film of 50 nm in thickness is formed as the metal film 702 by a 
sputtering method. 

20 An oxide film 703 is formed over the metal film 702. In this embodiment, a 

silicon oxide film of 200 nm in thickness is formed as the oxide film 703 by a 
sputtering method. The formation steps of the metal film 702 and the oxide film 703 
are performed sequentially without being exposed to the air. The thickness of the 
oxide film 703 is not limited to the value described above. However, preferably, it is 

25 set twice as thick as the metal film 702 or more. (FIG.2A) 



An amorphous metal oxide film 704a is formed at the interface between the 
metal film 702 and the oxide film 703 by laminating the metal film 702 and the oxide 
film 703. In this embodiment, a tungsten oxide film (WOx) of 4 nm in thickness is 
formed as the metal oxide film 704a, since tungsten as the metal film 702 and silicon 
5 oxide as the oxide film 703 are used. Molybdenum (Mo), an alloy of tungsten and 
molybdenum (W x Moi-x), or the like may be used instead of tungsten. Further, adding 
oxygen to the metal oxide film 704a to promote peeling-off in a later process or adding 
nitrogen to control peeling-off may be performed. Whether adding the elements is 
performed or not, the amount thereof or the like may be adjusted as necessary. 

10 The metal film 702 and the oxide film 703 formed on an edge face of the 

substrate are removed by Clashing. 

A base insulating film 790 is formed over the oxide film 703. The base 
insulating film 790 is formed of a silicon oxynitride (SiON) film of 100 nm in thickness. 
The base insulating film 790 is formed in order to prevent impurities from entering a 

15 semiconductor layer to be formed in a later process from the glass substrate or the like. 

A crystalline semiconductor film 705 is formed. The crystalline 
semiconductor film 705 is formed by crystallizing an amorphous silicon film that was 
formed to be 54 nm in thickness. The amorphous silicon film is formed by a PCVD 
method. The amorphous silicon film contains hydrogen in this embodiment. (FIG.2B) 

20 The amorphous silicon film contains 21.5 percent hydrogen (composition 

ratio) in this embodiment. This value is measured from the result that Si-H 
concentration of the amorphous silicon film is 1.06 x 10 22 atoms/cm 3 and Si-H2 
concentration of the amorphous silicon film is 8.34 x 10 19 atoms/cm 3 by quantitative 
analysis using infrared spectroscopy (FT-IR). 

25 A heat treatment is performed for one hour at 500 °C after Ni that is a catalytic 
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metal element is added to a surface of the amorphous silicon film. Then, in succession, 
a heat treatment using a furnace is performed for 4 hours at 550 °C to form a first 
polycrystalline silicon film. 

The hydrogen contained in the amorphous silicon film is diffused by heat 
5 treatment of 410 °C or more. The amorphous metal oxide film 704a is crystallized to 
become a crystalline metal oxide film 704b by heat treatment of 400 °C or more. The 
thickness of the metal oxide film 704b becomes 2 nm by the crystallization. In other 
words, in this embodiment, diffusion of hydrogen and crystallization of the metal film 
704a are performed simultaneously since a heat treatment is performed under a 

10 temperature condition of 410°C or more. Accordingly, the amorphous tungsten oxide 
becomes crystalline tungsten oxide. A heat treatment of 410°C or more can be 
performed in a process except the process of forming the first polycrystalline silicon 
film as this embodiment. 

Then, a second polycrystalline silicon film of which crystaliinity is enhanced 

15 by irradiating the first polycrystalline silicon film with a excimer laser beam is formed. 

A thin oxide film of 1 nm thick is formed over a surface of the second 
crystalline silicon film by using ozone water, and then, an amorphous silicon film of 
100 nm thick is formed thereover by sputtering. A heat treatment is performed using a 
furnace for 4 hours at 550 °C to move the catalytic metal element contained in the 

20 crystalline silicon film into the amorphous silicon film (gettering process). After the 
gettering process, the amorphous silicon film (that becomes a crystalline silicon film 
due to the effect of the catalytic metal element after the gettering process in some cases) 
that becomes unnecessary is removed by TMAH solution and the thin oxide film is 
removed by hydrofluoric acid to form a crystalline semiconductor film 705. 

25 It is noted that a film surface of the crystalline semiconductor film 705 has a 
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plurality of crystal faces that belong to a plane of a crystal zone<lll>. 

The crystalline semiconductor film 705 may be formed by a public known 
crystallization method (such as a solid phase epitaxy, a laser crystallization method) in 
stead of the crystallization method using Ni as a catalytic metal element described 

5 above in this embodiment. 

When the crystalline semiconductor film is formed by a laser crystallization 
method, a pulsed laser or a continuous wave laser which uses excimer (XeCl), YAG, 
YVO4 as laser medium can be used. When an excimer laser is used, pulse oscillation 
frequency is set to about 300 Hz and a laser energy density is set to from 100 mJ/cm 2 to 

10 400 mJ/cm 2 . When a YAG laser is used, its second harmonic may be used, pulse 
oscillation frequency may be set to from 30 Hz to 300 Hz, and a laser energy density 
may be set to from 300 mJ/cm 2 to 600 mJ/cm 2 . The allover face of the substrate may 
be irradiated with laser beam that is linearly condensed to have widths from 100 Mm 
to 1000 II m. At this time, an overlap ratio of the linear laser beam may be set to 

15 from 50% to 90%. Even when such laser crystallization method is employed, a heat 
treatment of 410 °C or more, preferably, is conducted to perform diffusion of hydrogen 
and crystallization of the tungsten oxide. 

A semiconductor layers 706a and 706b that are processed into a desired shape 
and element-separated in island-like shape are formed by patterning and etching the 

20 crystalline semiconductor film 705 made by the above-described method. 

Before or after the semiconductor layer 706 is formed, adding impurities 
(channel dope) may be performed to control, a threshold value of a TFT. Boron, 
phosphorus, or the like may be used as the impurities to be added. 

A gate insulating film 707 is formed over the semiconductor layers 706a and 

25 706b. A gate electrode 708 is formed over the gate insulating film 707. A silicon 



oxide film of 30 nm thick is formed as the gate insulating film 707. A tantalum nitride 
film (TiN) of 30 nm thick and a tungsten (W) film of 370 nm thick are formed, then 
patterned and etched to form the gate electrode. 

An n-type low concentration impurity region 709 is formed by adding 
5 phosphorus that is an n-type impurity. A p-type low concentration impurity region 
710 is formed by adding boron that is a p-type impurity. 

A sidewall 711 is formed in side parts of the gate electrode 708. 
An n-type source (or drain) 712 is formed by adding phosphorus that is an 
n-type impurity. A p-type source (or drain) 713 is formed by adding boron that is a 
10 p-type impurity. 

As described above, an n-channel TFT 714 and a p-channel TFT 715 are 
formed by using the crystalline semiconductor film 705, respectively. (FIG.2C) 

An interlayer insulating film 716 is formed to cover the TFTs 714 and 715. 
The interlayer insulating film 716 is made of a silicon oxide film. Then, a surface of 
15 the interlayer insulating film 716 is planarized. After forming the interlayer insulating 
film 716, the added impurities are activated. 

Contact holes that penetrate the interlayer insulating film 716 and that reach 
sources (or drains) 712 and 713 are formed. 

A wiring 717 and electrode 718 for transmitting electrical signals to the TFTs 
20 714 and 715 are formed. The wiring 717 and electrode 718 are formed from the same 
layer over the interlayer insulating film 716. In this embodiment, a laminate of titan 
(Ti), an aluminum film containing 1 percent silicon (Al-Si), and titan (Ti) is formed, 
and then, the laminate is patterned and etched to form the wiring 717 and electrode 718. 
A protective film 719 having an opening portion is formed. A silicon oxide 
25 film of 500 nm thick is formed over the interlayer insulating film 716 and then, the 

12 



opening portion is formed by patterning and etching to form the protective film 719. 
The electrode 718 is exposed in the opening portion of the protective film 719. 

As described above, a layer in which from the base insulating film 705 through 
the protective film 719 are formed becomes a TFT layer 720. (FIG.2D) 
5 A conductive film 730 and a protruding electrode (bump) 731 are formed over 

the electrode 718. The conductive film 730 is formed by laminating chromium (Cr) 
and copper (Cu). The protruding electrode 731 is made from PbSn or gold (Au) by 
solder. The thickness of the protruding electrode 731 is 20 \xm. The conductive film 
730 may be made from other materials that have good adhesion to the protruding 
10 electrode 731, instead of the above-described material. 

Preferably, the interlayer insulating film 716 and the protective film 719 are 
formed from a material that has heat resistance of 250 °C or more in order to resist heat 
of the solder. Either of an inorganic material or an organic material can be employed. 
(FIG.2D) 

15 Subsequently, a process for peeling off a TFT layer 720 in which the 

protruding electrode 731 is formed is described below. 

An adhesive 740 is applied over the protective film 719. The adhesive 740 is 

applied in a thickness of about 60 fim so that the protruding electrode 731 is covered 

with the adhesive. After the adhesive 740 is applied, the adhesive is baked, and then 
20 cured by being irradiated with ultraviolet radiation. In this embodiment, a 

water-soluble resin having a self-planarizing property is used as the adhesive 740. 

The adhesive 740 includes a composition such as an epoxy-based, acrylate-based, 

silicone-based resin or the like. 

A portion of a periphery of the region to be peeled-off is cut by a diamond pen 
25 to be damaged intentionally. The adhesion of the metal film 702, the metal oxide 
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film 704b, and the oxide film 703 at each of the interfaces thereof is reduced in the 
cutted portion due to the outer pressure. As a result, the peeling-off of the portions is 
performed easily. Instead of cutting a portion by the diamond pen, the portion may be 
cut with a press force of 1mm by a scriber. Alternatively, the periphery of the region 
5 to be peeled-off may irradiated locally with a laser beam and may be damaged 
intentionally in order to reduce the adhesion at each of the interfaces of the metal film 

702, the metal oxide film 704b, and the oxide film 703. (FIG.3A) 

A second substrate 742 is bonded over the adhesive 740 by a two-sided tape 
741. Since the adhesive 740 has a self-planarizing property, it is possible to bond a 
10 surface of the adhesive 740 to a surface of the substrate 742 in almost parallel. 
(FIG.3B) A third substrate 743 is bonded to the first substrate 700 by a two-sided tape 
746. The third substrate 743 is boned in order to avoid breakage of the substrate 700. 
(FIG.3C) 

The interfaces of the metal film 702, the metal oxide film 704b, and the oxide 
15 film 703 are each damaged intentionally and the first substrate 700 is peeled-off by a 
physical means (for example, human hand, air pressure of gas sprayed from a nozzle, 
ultrasonic waves, or the like). 

As described above, the TFT layer 720 formed over the first substrate 700 is 
transferred to the second substrate 742. (FIG.4A) 
20 After transferring, the metal oxide film 704b and the oxide film 703 are left in 

a lower portion of the TFT layer 720. In this embodiment, the metal oxide film 704b 
alone is removed. 

A film 744 having a good thermal conductivity is formed over the oxide film 

703. In this embodiment, a diamond like carbon (DLC) is formed to be 10 |xm in 
25 thickness as the film 744. A1 2 0 3 or the like may be used in the place of DLC. 



A protective sheet 745 is bonded over the film 744. A sheet having an 
adherence is used as the protective film 745. (FIG.4B) 

The second substrate 742 is peeled-off from the two-sided tape 741. After the 
two-sided tape 741 is peeled-off, the adhesive 740 is removed by being dipped into 
5 purified water. As a result, the TFT layer 720 is to remain bonded to the protective 
sheet 745. (FIG.4C) 

The TFT layer 720 that is bonded to the protective film 745 is cut with the 
protective sheet 745 and patterned into a desired shape respectively to form a plurality 
of integrated circuit films 750. (FIG.4D) 
10 Note that, the second substrate 742 may be peeled-off after the TFT layer is cut. 

When the second substrate 742 is peeled-off, adherence is required to be considered so 
that the protective sheet may not be peeled. 

In this embodiment, a peeling-off method using a metal film is described. 
However, the present invention is not limited thereto. A method for dissolving the 
15 first substrate, a method of laser irradiation to a backside of the first substrate, or other 
methods may be employed. 

As described above, a method for mounting the integrated circuit film 750 
formed by a technique for transferring is described below. (FIG.5A to FIG.5B) 

An adhesive 752 is applied to a fourth substrate 751 in which a conductive 
20 material such as cupper is wired in multi-layer on a polyimide film. An electrode 753 
is formed over the fourth substrate 751. Metal particles covered with an insulating 
film are dispersed into the adhesive 752. 

The electrode 718 of the integrated circuit film 750 is aligned over and 
overlapped with the electrode 753 of the fourth substrate 751, and the fourth substrate 
25 751 is bonded to the integrated circuit film 750. At this time, the protruding electrode 
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731 formed over the electrode 718 is electrically connected to the electrode 753 via the 
metal particles within the adhesive 752. The insulating film covering the metal 
particles is broken due to applied pressure of the protruding electrode 731 and the 
electrode 753 in the junction thereof, thereby obtaining a conductivity of the insulating 
5 film. Meanwhile, insulation property in a portion in which the protruding electrode 
731 is not formed is held, since the insulating film is not broken. (FIG.5A) 

The integrated circuit film 750 is irradiated with ultraviolet radiation to peel 
off the protective sheet 745. The protective sheet 745 may be peeled off before the 
integrated circuit film 750 is bonded to the fourth substrate 751. (FIG.5B) 
10 As described above, a semiconductor device of the present invention is 

manufactured. 

Embodiment 2 

In this embodiment, a semiconductor device made by bonding an integrated 
15 circuit film 750 to a fourth substrate 751 in a different manner from that in Embodiment 
1 is described with reference to Figs. 6A and 6B. 

A resin 771 is applied to the fourth substrate 751 in which a conductive 
material such as cupper is wired in multi- layer in a polyimide film. An electrode 753 
is formed over the fourth substrate 751. 
20 A conductive paste 772 is attached to a protruding electrode 731. 

An electrode 718 of the integrated circuit film 750 is aligned over and 
overlapped with the electrode 753 of the fourth substrate 751 to bond the electrode 753 
to the protruding electrode 731. 

The integrated circuit film 750 is provided with supersonic vibration to diffuse 
25 the resin 771 into a whole space between the integrated circuit film 750 and the fourth 
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substrate 751. A heat treatment is performed to cure the resin 771. 

Then, the integrated circuit film 750 is irradiated with ultraviolet radiation to 
peel off a protective sheet 745. Note that, the protective sheet 745 may be peeled off 
before bonding the integrated circuit film 750 to the fourth substrate 751. 
5 As described above, a semiconductor device of the present invention is 

manufactured. The semiconductor device according to this embodiment becomes 
much thinner as compared with a conventional semiconductor chip, since the integrated 
circuit film of this embodiment has a thickness of several |im, as that of Embodiment 1. 

10 Embodiment 3 

In this embodiment, a multi-film module manufactured using an integrated 
circuit film made by a technique for transferring is described with reference to Fig. 7A 
and 7B. 

A crystalline semiconductor film is formed by the method of the processes for 
15 forming up to the crystalline semiconductor film 705 described in Embodiment 1. 

After that, a CPU, a flash memory, a SRAM, a DRAM, and a Logic are formed over 

different substrates by using the crystalline semiconductor film. 

Integrated circuit films 7001, 7002, 7003, 7004, and 7005 mounting the CPU, 

the flash memory, the SRAM, the DRAM, and the Logic respectively, are formed by 
20 the same method as the method of the process after forming the TFTs 714 and 715 

described in Embodiment 1. In this embodiment, films comprising a good thermal 

conductive material are provided for each one side of the integrated circuit films 7001 

to 7005. 

The integrated circuit films 7001 to 7005 are each bonded to a fifth substrate 
25 7010 in which multi-wired layers are formed in both surfaces of a printed board. At 
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this time, as the method for bonding, one of the mounting methods described in 
Embodiment 1 or 2 is used. 

Fig. 7B shows a cross-sectional view A-A' in Fig. 7A. In Fig. 7B, the 
integrated circuit films 7001 to 7005 are mounted over the fifth substrate 7010. 
5 As described in Embodiment 1, the integrated circuit film of the present 

invention can be cut into various shapes, since the integrated circuit film is not required 
to be cleaved depending on a cleaved surface as a silicon wafer. Accordingly, an 
arrangement of the integrated circuit films 7001 to 7005 and an arrangement of wirings 
in the fifth substrate 7010 can have more possibilities in the fifth substrate. 
10 As described above, a flip-chip type multi-film module can be manufactured. 

The multi-film module of the present invention is formed by using an integrated circuit 
film made by a technique for transferring, and thus the multi-film module becomes 
thinner extremely. 

15 Embodiment 4 

In this embodiment, examples of electronic devices mounting the 
semiconductor device of the present invention are described with reference to Figs. 10A 
to 10E. A thinner electronic device can be realized by mounting the semiconductor 
device of the present invention. Note that, the semiconductor device of the present 

20 invention is mounted as shown in Fig. 8 and Figs. 9A and 9B, and then, installed in 
each part within a main body of the electronic devices. 

In Fig. 8, a multi-film module 820 manufactured according to the present 
invention is provided for a mother board 800. Multiple integrated circuit films 821 to 
824 are mounted over the multi-film module 820. The integrated circuit films each 

25 mount a Logic 821, a Flash Memory 822, a SRAM 823, and a DRAM 824, which are 
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formed over different substrates and then, manufactured by a technique for transferring. 
A CPU 810 and a Logic 811 are made thinner according to the present invention. 
Various shapes such as L-shape can be applied thereto, as the semiconductor device 
Logic 811 of the present invention has an L-shape. Embodiments 1 to 3 show an 
5 example of a face-down type semiconductor device. However, a wire-bonding 
method may be employed to mount devices. In this case, integrated circuit films 
having various shapes can be mounted. 

In Fig. 9 A, a driver 901 and a controller 902 are mounted over a substrate 903. 
Fig. 9B shows a cross-sectional view B-B' in Fig. 9 A. An FPC 904 is provided for 
10 the substrate 903 and is connected to a display device or the like via the FPC 904. The 
driver 901 and the controller 902 are semiconductor devices according to the present 
invention. In this embodiment, the substrate 903 is a flexible substrate. 

Fig. 10A is a laptop personal computer manufactured according to the 
present invention. The laptop personal computer includes a main body 3001, a 
15 casing 3002, a display portion 3003, a keyboard 3004, and the like. 

Fig. 10B is a portable information terminal (PDA) manufactured 
according to the present invention. The portable information terminal includes 
a main body 3021, a display portion 3023, an external interface 3025, operation 
keys 3024, and the like. As an attachment for operation, a stylus pen 3022 is 
20 shown in Fig. 10B. 

Fig. 10C is a video camera manufactured according to the present 
invention. The video camera includes a main body 3031, a display portion 3032, 
an audio input section 3033, operation keys 3034, a battery 3035, an image 
receiving section 3036, and the like. 



19 



Fig. 10D is a cellular phone manufactured according to the present 
invention. The cellular phone includes a main body 3041, a display portion 

3044, an audio output section 3042, an audio input section 3043, operation keys 

3045, an antenna 3046, and the like. 

5 Fig. 10E is a digital camera manufactured according to the present 

invention. The digital camera includes a main body 3051, a display portion A 
3057, an eye piece portion 3053, operation keys 3054, a display portion B 3055, 
a battery 3056, and the like. 

The integrated circuit film mounted over the semiconductor device of the 

10 present invention has a thickness of several \xm and is much thinner than a conventional 
one. Accordingly, the semiconductor device of the present invention mounting the 
integrated circuit film becomes thinner dramatically. The integrated circuit film can be 
cut into various shapes. Thus, for example, when multiple integrated circuit films are 
mounted over one multi-layer wiring board, the layout thereof is diversified and the 

15 density in mounting becomes high. The integrated circuit film mounted over the 
semiconductor device of the present invention has island-like separated semiconductor 
films. Therefore, a stress on a TFT is dispersed and therefore, the intensity against a 
stress such as bending is higher than that of an integrated circuit film made from a 
silicon wafer, and a semiconductor device in mounting and/or after mounting an 

20 integrated circuit can resist the external stress such as bending. Further, in the process 
of the manufacturing a semiconductor device, it is unnecessary to make the integrated 
circuit film thinner by grinding a backside thereof, thereby preventing defects from 
being produced in the back-grinding process and enhancing a process yield. The 

20 



back-grinding process is not required, and therefore, a process of manufacturing a TFT 
and a process of manufacturing a protruding electrode (bump) can be performed 
sequentially. 
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